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the foreseeable f u t u r e )  for all aircraft having an air—to—
ground attack role to possess a basic , visual—attack—with-

conventional—bombs capabi l i ty  which is not jeopardized by
- special mission tailoring of these aircraft and which is in— - 

-

dependent of external aids . This requirement places a basic

and stringent requirement on the on—board , self—contained

navigation capability of these aircraft which is registered

as a mandate in the mission requirements tables. Extended
capabilities for specific aircraft , such as blind bombing,

are treated as add-ons to this basic requirement and are

allowed for during navigation suite synthesis for the affected

aircraft .
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SECTI ON IV

NAVIGAT I ON SYSTEM TECHNO LOGY

A survey of the present and forecasted navigation sys-

tem state—of-the—art through 1980 was conducted to identify

equipment candidates for potential application in the baseline

mission areas considered in SPANS . Major navigation techno-

logies that have been successfully demonstrated , at least at

the laboratory level , prior to the time of the SPANS study were

included in the survey . The discussion in this chapter focuses

pr imar i ly  on the generic capabi l i t ies  and l imi ta t ions  of major
technologies as they relate to the syntheses of acceptable

aircraft navigation suites for initial SPANS studies. Reliability

and LCC data for  generic equipments  within each technology were
developed for  u t i l i z a t i o n  In the STEP analyses.

4.1 LORAN

Lo ran-C is a low f r equency ,  long range , all  weather ,
pulsed hyperbolic radio navigation system which is capable

of providing horizontal position fixes of very high repeatable

accuracy but onl y moderate absolute accuracy . Loran-C evolved
out of Loran—A which was originally developed during World

War II as an aid to navigation . It is presentl y operat ional

in several parts  of the  world and an ex tens ive  expans ion  pro-
gram is currently underway . The military has been using Loran-C

f or the past 10 to 15 years , t hus  numerous Loran-C user equip-
ments are available. Ref. 22 contains a discussion of the norma l

operation of Loran—C as a hyperbolic navigation system . Loran—

C can also be used in a direct ranging mode at the expense of

- 
increased complexity of  user equ ipment  . This direct ranging

~
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mode is capable of providing increased accuracy through a

reduction in user/loran transmitter geometry dependency

errors (Ref. 23).

Loran—D is similar to and compatible with Loran—C ,

but designed for military tactical use . The transmitting

stations are helicopter transportable and can be quickly

erected.

Loran—C service in a region is provided by a chain of

transmitting stations consisting of a master and three or

more secondaries. Each chain can provide service to an area

with in  1500 nm from the chain baselines. The U.S . Coast
Guard is currently responsible for the operation of seven

Loran—C chains throughout the world. Fourteen additional

stations are planned to complete the coverage of the U.S.

Coas tal Conf luence  Zone and a large por t ion  of the northern
hemisphere . The ex is t ing  and proposed Loran—C coverages are
shown in Fig. 4.1-1 ( R e f .  2 2 ) .  Ther e are present ly  three
Loran—D chains in the U . S .  and one in Europe .
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Figure 4.1-1 Existing and Proposed Loran-C Coverage
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4.1.1 Performance Capabilities

The Loran—C navigation system is capable of providing

absolute navigation (horizontal position) accuracies of 0.25

nautical mile rms or better and repeatable navigation accura-

cies of 50 — 300 ft rms (Refs. 24,25). The absolute accuracy

can be improved by a factor of 2 or 3 using sophisticated user

equipment and prior calibration of progagation abnormalities.

The Loran—C system does not inherently provide for

velocity measurements. However , the Loran—C time difference

(TD) measurements can be differentiated to provide velocity

estimates , although the resultant -accuracy will be poor. It

is not known at this time whether existing Loran—C receivers —

provide velocity estimates. Research on this issue is con— 
‘

t i n u i n g .

The Loran—C user equipment can be integrated with an
inertial navigation system (INS) to provide velocity esti—

mates with an accuracy set by the INS (typically 1 kt to 2 kt

rms) (Ref. 26). This capability is provided with the Lear

Siegler , Inc. AN/ARN—lOl Loran/Inertial System .

4.1.2 Performance Limitations

The Loran—C navigation system is useable only within
- the designated coverage areas outlined in Fig. 4.1-1 . However ,

the Air Force can deploy a Loran-D system in a tactical

theater in a relatively short time .

As with all radio navigation systems , Loran—C/D is

susceptible to jamming by an adversary . Anti—jamming capa-

bilities can be built into the receivers to reduce their vul—

4—3
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nerabi l i ty  to j amming. Reference 27 indicates that the jamming
radius of a jammer with power equal to that of the Loran—D

transmitters is about 4 km at a distance of 400 km from the

Loran—D transmitters (assuming maximum anti—jam capability —

in the Loran receiver). The analysis in this reference m di-

cates that it is only practical for an adversary to jam a
small area in the vicinity of the jammer.

Nevertheless the possibi l i ty  of j amming over target
or established hostile areas (particularly of the difficult—

to—detect meaconing variety which corrupts the navigation

data without causing loss of receiver lock—in to the  trans-
mitter frequency ) limits the utility of Loran as an auton— - -

omous tact ical  navigat ion system . In attack , reconnaissance ,

and close tactical transport applications it is ultimately

useful only in a symbiotic role witt : other onboard , non-

corruptible navigat ion subsyctems . Cur ren t ly  the  most
potent such combination is the L o r a n — I n e r t i a l  complex with a
Kalman f i l t e r i n g  a lgor i thm for  data in tegra t ion . This corn-
b ina t ion  provides , not only the maximum immuni ty  of the Loran
receivers from the b lanke t ing  type of jamming through iner t ia l
velocity a id ing of the t r ack ing  loops , but also a mechanism
for de tec t ing  meaconing a t t empts  by an adversary and for  pre-
vent ing  their e f f ec t s  from cor rup t ing  the naviga t ion  system
outputs .

4 . 1 . 3  Use r Equipment

A l ist of m i l i t a r y  Loran receivers is presented in
Tab le 4 .1—1.  Al though  some rece ivers  in the  tab le  are no
longer operat ional , it is be l iev ed tha t  the l ist  conta ins  al l
of the Loran systems of cur ren t  in t e res t  ( R e f .  2 8 ) .

4—4
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5.2 NAVIGATION SUITE SYNTHESIS

Alternative navigation suites for each aircraft under

consideration are synthesized based on aircraft mission require-

ments (Chapter 3) and navigation equipment capabilities (Chapter

4 ) .  Each suite must be acceptable from the s tandpoint  of navi-
gatio i performance . While suite synthesis is primarily a

function of the System Analyst , analytic models exist which

can be utilized to verify that a defined suite satisfies the

navigation requirements of each mission flown by the aircraft .

In particular , the format of the SPANS mission profiles and

suite definitions is compatible with the Avionics Evaluation

Program ( AEP ) in use at AFAL ( R e f .  2 ) .  The AEP was in fact
applied to a sample ~~ the SPANS navigation suites during the

course of the study .

Alte rna t ive  nav iga t ion  equipment suites were synthe-
sized for the aircraft considered in the SPANS study . For

example , Table 5.2—i presents a set of alternative suites for

the KC—135 aircraft. The purpose of the syntheses was not

to define an exhaustive set of alternative configurations,

but ra ther  to provide a basis for  i den t i f y i n g  poten t i a l  areas CF
for equipment standardization across some or all of these

ai r c r a f t .  Towards th is  objective , alternative suite archi—

tectures , as well  as a l t e r n a t i v e  subsystem typ es w i t h i n  a
given architecture , were postulated .

The suite syntheses were driven by the  miss ion require-
ments discussed in Chapter 3. The synthesis process was

in i t i a t e d  by i d e n t i f y i n g  the  ex i s t i n p ,  or proposed , n a v i g a t i o n
su i tes  for  the  a p p l i c a b l e  a i r c r a f t  where t h i s  information
wa s ava i l ab l e .  Otherwise  a base l ine  su i te  was f o r m u l a t e d
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TABLE 5.2-i
ALTERNATE KC-l35 NAVIGATION SUITES

__________________ ________________ ________________ _____________ 
1-1315

NAVIGATION EXISTING ALTERNATE ALTERNATE AL TERNATE
AVION ICS TYPE AVION ICS 1 2 3

TACA N A N/ARN- l is  Same Same Same

Von AN /A RN-14 D Same Same Same

t)HP-DF - AN/ ARA—8 2 Same Same Same

OMEGA -- — AN / A RN — 131 * AN/ARN- ru ’

LORAN A N IA PN— 70 - — -

SEARCH RADAR AN /APN -5P Imp rov ed AN! Same Same
APN-5R

DOPPLER RADAR A N/A PN.-81 , 82 Common S t r a t e gi c  CSD thial CSID
Dopp ler (CSD)

RADAR ALTIMETER AN/A I’N-133 Same Same Same

INS CC CC Dual C — T V  C - IV  -

AHRS -- A HA RS (ALA In s t rum en t t , - -  D u a l  A lt A RS
24i1—46 ) t i o n  (Stand-

by)

COMPASS SYSTEM N-i Eame Same Same

ADS Instrum en— Same Same DADC
tat ion

COMPUTER AN/AS N— 7 Navi g ation Navigation Na vi g a tion
Management Management M anagement
Computer Comp ut er Computer
(IEudImentar~- )  (Complex) (R udimentary)

‘Electromagnetic Pum a Hardening Requ ired .

based on the exist ing/proposed suites of similar a i rc ra f t  F
and accounting for  unique navigation performance require-
ments of the a i rc ra f t  under consideration . Modif ica t ions
of the baseline suites which sa t i s f ied  mission requirements
were iden t i f i ed  to formulate  addit ional a l t e rna t ives. The
postulated suites are comprised of specif ic  equipments which
either cur ren t ly  exist or are in development , but are l im i t ed
to the current technological era as def ined  in Chapter 2.

5.3 DSPC ANALYSES OF SUITE ALTERNATIVE S

DSPC analyses are conducted over each n a v i g a t i o n  su i t e

*5-3
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for each aircraft . Their purpose is to provide feedback to

the system analyst concerning the re la t ive  c o s t — e f f e c t i v e n e ss
and acceptabilities of the suites . The measure of effectiveness

is the Mission Completion Success Probability (MCSP) and the

measure of cost is l i f e—cyc le  cost as defined in Section 5.5.
While MCSP is generally defined in the total weapon system

context , for purposes of SPANS it can be regarded as the
probability that successful accomplishment of the defined mis-

sion is not precluded by an equipment failure , or combination

of failures , in the navigation suite.

STEP input data relating to the DSPC analyses includes
d e f i n i t i o n  of equipmen t duty cycles and failure impact pro-

babilities in the context of the mission profile for each mis-

sion flown by the aircraft. The equipment duty cycle is speci-

f i e d  by

TOikm = Opera t ing  t ime of su i te  equipment
i in phase k of the m ’th aircraft
mission (hours )

S
The failure impact probabilities are specified by

PA ikm = Probability of mission f a i l u r e
given ,that suite equipment i
fails in phase k of the m ’th
ai r c r a f t  mission

_____  
A typical duty cycle/failure impact probability specification

ma t r i x  developed for  SPANS is shown in Table 5 .3- 1.  The
mis sion p r o f i l e  for  th i s  example was presented  in Table  3 . 2 - 2 .
The MCSP determination , as documen ied in Ref. 1 , is based on

this matrix , equipment MTBFS , and equi pment redundancy i~~h -r~-~~1

in the  d e f i n e d  s u i t e .
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TABLE 5.3-1

DUTY CYCLE / FAILURE IMPACT MATRIX
FOR TANKER MISSION

T — 1 3 1 6

MISSION PHASE

~QU I PMF.NT 1 2 3 4 5 
= 

7 0

1 TACAN 0.5 0 0.33 0 0.17 0 0 0 0 0 0 0 0 0 0.5 0 0.33 0

2 OMEGA 0.5 0.2 0.33 0.2 0.17 0.2 2.0 0.2 2.0 0.2 0.5 0 3.0 0 0~ 5 0 0.33 0

3 RADAR 0 0 .5  0 .33  0 . 5  0.17 0.5 0 0.5 0.5 0.5 0 0 0 0 0.5 U 0.33 0

4 ALT IMETER 0 0 0 .33  0 0  0 0  0 0  0 0  0 0  0 0  0 0.33 0

5 INS 0.5 0.5 0.33 0.3 0.17 0.3 2.0 0.3 2.0 0.1 0.5 0 3.0 0 0_ S  0 0.33 0

6 AHHS(Stdby) 0.5 0.2 0.33 0.1 0.17 0.1 2.0 0 2.0 0 0.5 0 3.0 0 0.5 0 0 3 3  0

7 ADS 0.5 0.2 0.33 0.1 0.17 0.1 2.0 0 2.0 0 0.5 0 3.0 0 0.5 0 0 .3310

8 COMPUTER 0.5 0.1 0.33 0.1 0 1 7  0.1 2.0 () 2.0 0 0.5 0 3.0 0 0.5 0

No te:  Firs t tabular entry is op erating tim e of equipment I in “~l~~~1on phase k . S~-’ -o nd -t i tr t -
is probabil i ty o t  mis sion fai1ii re if equipment I is lost In m is s i o n  ph am e k .

The nature of the  DSPC out  ~~- at generated by STEP for
each aircraft is illustrated in Fig. 5.3-1-. From among the
alternatives specified , a sequence of improved suites is id-

entified which are optimal in the sense of achieving dif f e r e n t
levels of MCSP for the lowest LCC . The lowest LCC suite
meeting the MCSP objective is i d e n ti f i e d  and “selected” fo r
the a i rcraf t . If  the a i r c ra f t  f l i es  m u l t i p l e  missions , the n
the lowest LCC suite meeting all MCSP objectives is selected.
The s tandardizat ion fac tors  associated w i t h  each equipment
in the selected suite are updated (see Section 5 . 5 )  p r io r
to consideration in subsequent a i r c r a f t  programs .
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Sui t e  A l t e r n a t i v e s

5.4 IDENTIFICATION OF STANDARDIZATION CONCEPTS

A standardization concept is defined for purposes of

SPAN S by i d e n t i f y i n g  both the equipment which is to be stand-
ardized and the specific aircraft on which it is to be ap—

plied. Standardization concepts are identified through ex-

amination of the equipment suite alternatives which are ac-

ceptable based on the DSPC analyses. As a first step, a

rudimentary matrix of equipments and aircraft , such as di-

splayed in Fig. 5.4—1 , is developed. This matrix directs

the System Analyst to specific equipments and aircraft that

are candidates for standardization .

The identified candidaies are then examined in greater

detail as to the feasibility of andardi~ atien. For examp’e ,

- 
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Figure 5 .4— 1 Standardization Candidate
Ident i f ica t ion  Mat r ix

Inertial Navigation System (INS) options are classified in ac—

cordance with the iNS accuracy requirements associated the the

candidate a i rcraf t . Similar ly , s tandard d ig i t a l  computer
options are classif ied in accordance with memory size and pro-
cessing time requirements associated with the corresponding

navigation suites as well as any nonnavigational functions

(e.g. weapon delivery ) that the computer must perform . Through

this process specific standardization concepts are identified

for subsequent global LCC tradeoff analyses .

5.5 GLOBAL LIFE-CYCLE COST ANALYSIS

A life—cycle cost model is incorporated in STEP I

the purposes of comparing alternative standardization concepts

5—7
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identified. This model is unique in that system life—cycle
F costs are computed on a global hasis. that is over multiple

aircraft programs as opposed to just one , with equipment com-

monality between different aircraft factored into the LCC

computation .

5.5.1 Overview of STEP LCC Model

The manner in which G-LCC considerations are

addressed in STEP is illustrated in Fig. 5.5-1. Crucial to

the concept is that aircraft are analyzed in chronological

order of their scheduled activation/retrofit programs . A

table of “standardization factors ’ is maintained for each

equipment that in effect reflec t the c- egree to which that

equipmen t has been applied on ~ircra 1t analyzed to date in

the evaluation . These factors are parameters of the LCC

computation for the aircraft under current evaluation . When
this evaluation is complete . the standardization factors as—

sociated with each equipment are updated , reflecting their

application on the aircraft. The updated factors are then

utilized in any LCC computations for subsequent aircraft

programs that utilize this equipment .

5.5.2 Elements of LCC Considered in STEP

It was not an objective of SPANS to estimate system

life—cycle costs on an absolute basis. It was an objective

to consider all major elements of LCC which are potentially

influenced by standardization considerations and for which

sufficient data exists to evaluate the relat ive differences

between navigation technologies . The following LCC elements

are included:
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• Hardware Development

• Support Equipment Development

• Hardware Acquis i t ion

• Support Equipment Acquisition

• Technical  Data , I n i t i a l  T ra in ing ,
Field Support and Associated
Nonhardware Acquisition Costs

• Initial Spares

• Recurring Maintenance (Intermediate or
I-Level and Depot or D—Level )

• Packagi ng and Shipping

• Support Equipment Operation
and Maintenance

These elements are evaluated for specific equipments utilized

on specific aircraft through direct input , analytic expressions ,

or Cost Estimating Relationships (CERs). All are impacted in

one way or another  by s tandardiza t ion .

5.5.3 ~~~ut Data Requirements

There are three basic sets of input  data required for
the STEP LCC computation :

• Standard Cost Factors

• Aircraft—Related Data

• Equ ipmen t -Re l a t ed  Data

These it ems are de f ined  in Tables 5 .5— 1 , 5 . 5 — 2 . and 5 . 5 — 3
respectively.

Suite def inition data identifying the redundancy level

( i f  any ) of the equipment , and the equipment d u t y  cycle (see
Table 5 .3—1)  are also used in thp ICC computation .
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TABLE 5.5-i

STANDARD COST FACTORS DATA
REQUI RE MENT S

____________________________________________________________ T—1 3 17
STEP

FACTOR DEFINITI ON SYMBOL

Exponent of Production Learning Curve for Navi- LC
gation Equipment

Exponent of Production Learning Curve for  Sup- LCSE
port Equipment

Ratio of Nonbardware Acquisition Costs to First— ROH
Un it Cost

Depot Working Hours/Month DHM

Support Equipment Utilization Factor (Utilizable tJTIL
Hours/Hour )

I—Level Repair Turnaround Time (Months) TAT

Resupply Time to CONUS Located Bases (Months) RSTC

Resupply Time to Overseas Located Bases (Months) RSTO

Shipping Time to Depot from CONUS Bases (Months) BDSC

Shipping Time to Depot from Overseas Bases (Months) BDSO

D—Level Repair Turnaround Time (Months) DTAT

Depot Stock Safety Factor (Standard Deviations) DSF

Reliability Growth Factor (Slope of Duane Curve) a

I—Level Labor Rate (Dollars/Hour) SBR

I-Level Materials Consumption P.ate (Dollars/Hour) SBMC

D—Level Labor Rate (Dollars/Hour) SDR

D—Level Materials Consumption Rate (Dollars/Hour) SDMC

Annual Support Equipment Operation and Maintenance CSEM
Cost (% of SE Acquisition Cost)

Packaging and Shipping Cost-CONUS (Dollars/Pound) SPSC

Packaging and Shipping Cost-Overseas (Dollars/Pound) SPSO

— 
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TABLE 5.5-2

AIRCRAFT DATA REQUIREMENTS
______________________________________________________________ 1— 1318

STEP
D E F I N I T I O N  SYMBOL

Initial Year of Activation /Retrofit Program IBY

Final Year of Act ivation /Retro fit Program IVY

Act~ vat ion (R e trof it Rate (Aircraft/Month) NP

Total Number of A ireraf ’~ NA

Projected Aircraft Life LIFE

Nuriber of Base Locations NB

Base Location Index : (Code No. for each USAF base) lB 1
Number of Aircraft (for each Base Location ) NBA

1

Number of Missions Performed NM

Mission I dentl fir- r Index (for each Mission) IN

Missions Flown Per Month (for each Mission) NMPM

Mission Success Probabilit y Objective (for each Mission ) SPO ,,

Availability Objective (Aircraft Av~ il a b i ll tv for Mission ) AO

Reliability K-Factor (Operational MTBF/Daseline MTBF ) K

TABLE 5.5-3

EQUIPMENT DATA REQUIREMENTS
1-1319

STEP

D E F I N I T I ON 
~~~~~~~C_ CC_C 

SYMBOL

I rojerted A v s u l a b i l l t y  P - I ’  (Year) I Y A

P’v v  I npmen I lo s t  ($ I

VI is ’ -Unit q r i t s i t l o n  Crr q t  ( $ )  FUPC

I f l i t t a t  B~ se1tne M T I 1 F  (Il - n ra ) MTIIF

N u m b e r  of LRUs NtR t ’

IRU ( r r s t  /Equipment crrs( I t - - i n -  in Liii I FC .

Equipment MTBF/I,RI MTBF I E r r  ear- h l i i i ’ )  FM
1

F r i - - i j r ’ ~ r f  Rep aI r s  Perform,- d i t  I- I  - . - , - 1 I f r y  r-i h RTS
I R t ) -

Wp i~~ht (Pou nd s f o r  .-s -h LRT ’ )  W .

E-Lc’r-eI R op ai r Ttn r~ Mini - - nra I r ~ s r h  LIEU) tinT
1

I) CC l e v e I  Rep a ir Toa~- ~U r n ~‘ E r r ,  ‘ - s r - f l  i-I l l ’) PItT .

1 -  l - o~ ,’ Support F qr n  I pmonr lb ’. I - - ; r ’ ~~’t1 t C~~-.I 1$ )  Sf111
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5.5.4 Incorporation of Standard ization Considerations

The s tandardiza t ion  fac tors  def ined  in Table 5 . 5 — 4
also enter the STEP LCC computations . The initial values in-

dicated are the assumed values for a new item of equipment

that has yet to be utilized in an aircraft program . When ex-

isting equipments are included in the STEP data base , the

factors are initialized in accordance with the procurement

experience and current u t i li z a t i on  of the equipment .

TABLE 5.5-4

EQUIPMENT STANDARDIZATION FACTORS
_______________________________________________________ ____________ T— 13 20

T STEP INITIAL
DEFINITION SYMBOL VALUE

Initial Inventory Introduction Switch ISS~’~ 1

Quantity Procured to Date NQ 0

Current .‘c°n .isition Cost PC FLTPC ( 3 )

Cuxnulat -e Subsystem Usage at Stari of Year 5000(all K)
K iL~ ur- :or each Year K in the Ana~ v sis
T ime Hor~ zon )

Baseline MTBF at Start of Year K (Hours \ITBF C, MTB F~
3
~

for each Year K in the Analysis Ttme n-’ (all K ’
Horizon)

Quanti ’y of I-Level SE Procured to Date NSEB 0

Current I—Level SE Acqu isition Cost (S) PSEB FUCB~
3
~

Quantity of D—Level SE Procured to Dare NSED 0

Current D—Level SE Acquisition Cost 1$) PSED FUCD~
31

I—Le vel SE Base Location Switches (t.nr I SB~~~
2
~ 0

each USAF Base Location)

Peak Return Rate of LRU j to Depot Ret ircs/ PRR C - 0

Month for each LRU ) J

Current Level of LRU j Depot Spares NSDP 0
(for each LRU )

NOTES : U equipment h as been app i ivd in a previous at rcra ft
(1) ISS 

i~ - :urren~ air craft is the ini~~~1i applic ati— i n

if equipment I—Leve l SE is not ~ur renclv Io ated
( 2 )  (SB , —~~ t~ hase i

~i If equipment I—Levei SE is curt~t?ri t I- .- 1~ catt-u
base 1

~3 )  As define-i in Tahie 5 5—3
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The fundamentals of the standardization update functions

are discussed below ; detailed equations are documented in

Appendix A.

Initial Introduction - When an equipment  is applied on
an aircraft program for the first time , the inventory introduction

switch is thrown which effectively zeros out the one—time LCC

elements (development , SE development , nonhardware acquisiton )

when that equipment is utilized in subsequent aircraft pro-

grams

Product ion Learn ing Curve - The basis of learn in g curve
cost analysis is the assumption that each time the production

quant ity  for  an item of equ ipment doubles , the cost per item

decreases by a constant percentage of its previous cost .

Emp irical data exist supporting this assumption , although uni-

form agreement as to what the real learning factors are does

not exist. Incorporation of this effect in the G—LCC corn—

putation is illustrated in Fig. 5.5-2. The first aircraft

utilizing an equipment incurs acquisition costs based on the

i n i t i a l  por t ion  of the  l e a r n i n g  c ur v e . The equipment  cost is

then updated by moving down the learning curve based on the

acquisition quantity. The updated cost is applied in sub-

sequent aircraft applications.

Learn ing curves are also used in establishing the sup—

port  equipment  costs.  In genera l , these curves w i l l  d if f e r  from
those used on the installed avionics equipment since they will

be based on different empirical data. It is not maintained

here in  t h a t  s t a n d a r d i z a t i o n  in itself redu&-es acquisition costs

in th is manner , only that the p o t e n t i a l  f t r  cost n-’duc t ion

exis ts  i f  an appropriate procurement method C :Ifl be ~- i t ab l i s h e d .
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Figure 5.5—2 Unit Acquisition Cost vs
Cumulative Pioduction Quantity

Reliability Improvement - Empirical data (Refs. 45 ,

46 , 47) exist demonst ra t ing  tha t  if an equipment  r e l i a b i l i t y

improvement program is sustained dur ing  opera t iona l  usage, t han
equipment MTBF grows wi th  cumula t ive  ope ra t ing  time in the man-
ner displayed in Fig. 5.5-3. This behavior is often referred

to as following a Duane model of reliability improvement.

A-2~~O t I

~ 
DUA N E

n ~ GRO WT H RATE (0 1~ r t’  06 )

K CONSTANT
T CU MI JL AII V E OPERATING TIME

LOG (CUMU LATIVE OPERATING T I M E )

Figure 5 . 5 — 3  MTBF t~~ Cumulative Operating
Time
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A f t e r  select ion of an equipment for an aircraft pro-

gram , the Duane effect is reflected in STEP as follows :

• The equipmen t cumulative operating
time vs calendar time profile (T

k)

is updated based on projected aircraft
usage

• The updated operating time profile is
used to update the MTBF vs calendar
time profile app lyi ng the Duane model

• The updated MTBF profile is applied in
subsequent aircraft LCC computations.

The following LCC elements for subsequent aircraft programs

are reduced as a result :

• D—Level Support Equipment Acquisition

• I n i t i a l  Spares

a Recurr ing Main tenance

• Packaging and Shipping

There is also an improvement in system effectiveness for sub-

sequent aircraft as measured by Mission Completion Success

Probability. Again, it is not maintained that standardization

in itself will result in reliability improvement , only that

it  provides  t h e  p o t e n t i a l  if  a p p r o p r i a t e  i n c e n t i v e s  can be
prov ided to the equipment manufacturer.

I -Leve l  Support  E q u i p m e n t  — I t is assumed tha t sav in gs
in I—Level SE costs are possible i f aircraft utilizing the

same equipment are colocated. This is recognized in STEP

thr ough the SE Base Location Switches. After an equipment is

seh- .cted for application in an aircra lt program , these switches

5-16
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are thrown at each base location where the a i r c r a f t  is deployed
to indicate the presence of the SE at these locations . As a

result , subsequent a i rcraf t  programs applying the same equip-
ment will not be required to acquire I-Level SE for those

locations where the SE exists as a result of previous programs .

D—Level Spares and Support Equipment - Standardization

can reduce overall SE and spares requirements at D—Level. In

ef fec t , this is due to the fact that greater logistics support

efficiency is achievable with large SE and spares poois than

with several small pools. This effect is recognized in STEP by

maintaining the status of these pools (NSED and NSDP~ in Table
5,5—4) as aircraft programs are sequentially analyzed. When an

aircraft program applies a previously utilized equipment , the

D—Level SE and spares requirements are computed as the incre-

mental quantities required on top of the existing pools to

satisfy logistic support objectives. All other things equal ,

this incremental requirement generally decreases as the size

of the existing pool is increaseu.
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SECTION VI

STANDARDIZATION CONCEPT EVALUATION

6.1 DATA BASE APPLIED IN CONCEPT STUDIES

A data base was developed to illustrate typica. stand-

ardization tradeoff analyses using STEP . The standard cost

factors defined in Table 5.5-i were developed from AFLC docu-

ments (Ref . 4$) and other source material . Based on the

fo rce s tructure data described in Chapter 2 , a i rc r a f t  d a t a  r ’—-

cords in the format of Table 5.5—2 were developed for the

following aircraft :

• Tactical (F—16 , A— 1OA , A—lOB , Follow-
On Interceptor , Advanced Tactical
Fighter )

• Tanker and Cargo Transport (ATCA ,
AMST , KC—135)

• Strategic Bombers (B—52 , B— i)

Based on a number of sources equipment data records in the

format of Table 5.5—3 were developed for several generic

types of navigation equipments.

Alternative navigation suites , comprised of generic

equipment included in the data base , were synthesi?- ’c1 for each

of the above aircraft. These suites were the basi~ for - - ‘i n-

ducting the representative standardization tradeoff st ~~ h e s.

6-1
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6.2 STANDARDIZATION CONCEPTS STUDIED

The DSPC option of STEP was applied to identify areas

in the initiall y proposed suites where additional redundancy

was required to satisfy MCSP objectives . The suites modified as

such were then examined for potential standardization alterna-

tives . For purposes of demonstrat ing the methodology , the
standardization concepts summarized in Fig. 6.2—i were identified

for analysis.

AIRCRAFT UTI L IZING THE ST ANDARD EQUIPMENT
STANDARD EQUIPMENT

A IDA j A- l OB AT F AMST ATCA IKC 1361 B-5 2 B - i

IBAS IC S CT A N D A R O I Z A T I O N  CONCEPT ) (EXTENDED CONCEPT )
STANDARD INS —~~~~ — — — —C I V  INS

(BASIC STANDA ROIZA T I ON CONCFPT) EXTENDED CONCEPT)
N A V I GA T I ON COMPUTER —~~~ — — — —
OMEGA

DOPPLER RADAR -

Figure 6.2—i Standardization Concepts Analyzed

As shown , two ranges of standardization were con-

sidered for the standard INS and for the navigation computer.

The basic INS standardization concept is over tactical air-

craft; the extended concept includes tanker and cargo/trans-

port aircraft. The extended concept is traded off against

the alternative of applying the Carousel—I \ commercial INS

on the tanker and cargo/transport aircraft . The same

alternative ranges were considerod for the airborne navi-

gation computer. The ba~ i~’ concept reflects the applicati on

of a s tandard , relat ivo ly simple , tire contr~il computor in

6—2
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~~- ~ica1 a i rc raf t . The extended concept re f lec t s  appl ica t ion
a more complex computer to perform the navigation/weapon

delivery function on tactical aircraft and the navigation manage-

ment function on tanker and cargo/transport aircraft .

6 .3  STEP APPLICATION TO STANDARDIZATION CONCEPTS

STEP was then utilized to assess the relative global

life—cycle cost benefits of the standardization options identi-

fied. A specific option was evaluated by establishing STEP

navigation suite definition data identifying the candidate stan-

dard item of equipment with the appropriate aircraft suites .

STEP was then exercised in each of the following modes:

Mode 1: The s tandardizat ion fac tor  update
function i~ executed after each
suite/aircraft LCC evaluation

Mode 2: The standardization factor update
function is bypassed after each
suite/aircraft LCC evaluation

This procedure is illustrated in Fig. 6.3—i .

-

~ 

(N~ X~~A IR C R~~ T 

1

0 D E 2  

___________

~~~ RST AIR CR~~)....... 7/ DEFINED 

F

~~~~~~~~~~~~~~~~~~

ODE I 

____________H 
-

‘

~~~~ [

~~~~~~~ _ J

STANnAH

~~~~~
O + C C

J

rigure 6 . 3 — i  Hodes of STEP Opera t ion
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The G-LCC output resul t ing from Mode 1 operation
ref lects  the e f f ec t s  of s tandardizat ion concepts established
in the suite de f in i t i on .  Since the standardization fac tors
update is bypassed in Mode 2, the G—LCC output reflects , in

e f f e c t , the appl icat ion of nons tandard  equipment th roughou t .
Accordingly the LCC benefits of the standardization concept

is measured by the difference between the Mode 1 and Mode 2

G—LCC.

In an absolute sense , this is an optimistic measure

of the standardization benefits since it does not account for

the effects of optimizing equipment selections at the indi-

vidual aircraft program level instead of applying a standard.

To study this effect , distinct records in the navigation

equ ipment f ile must be establ ished for  the locally opt imal
equipments. G-LCC comparisons may then be performed between

navigation suites utilizing these equipments and suites im—

plement ing  the  s t anda rd iza t ion  concept . An example of such
a comparison is presented in Section 6.4. However , the G—LCC

difference between Mod~ 1 and Mode 2 STEP operation provides

a mean ing fu l  measure of t he  r e l a t i v e  bene f i t s  of a l te rnat ive
standard ization concepts , wh ich is the purpose of the SPANS

study .

6 . 4  RESULTS OF CONCEPT STUDIES

The results of the G—LCC tradeoff studies conducted

for the alternative standard ization concepts are summarized

in Table 6 . 4 — 1 .  I t  is reemphasi~~ed tha t  the ind ica ted  nio ne-
tary benef its are optimistic. They reflect only the LCC dif-

ference between using a standard item in place of an equiva-

lent nonstandard item on each of the indicated aircraft ,

based on the assumed ef fect s of standardization on LC~
’ as

described in Section 5 . 5 . - i .
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TABLE 6.4-1

GLOBAJ,~ LCC BENEFITS OF ALTERNATIVE
STANDARD I ZAT ION CONCEPTS

T- 1336

ASSUMPTIONS 
-

~~~

• CASE 1: STANDARD SEJBSYSTEM APPL IED IN EACH AIRCHAVE

- • CASE 2 ;  NEW SUBSYSTEM DEVELOPED FOR EACH A I R C R A F T

• COST CHARACTERISTICS OF EACH NEW SUBSYSTEM AND STANDARD
SUBSYSTEM ARE INITIALLY IDENTICAL

________ BENEFI TS
NAV IGATION APPLiCABLE CASE I CASE 2 (CaBe 2 - (CASE 2- CASE I )
SUBSYSTEM AIRCRA FT GLOBAL LCC GLOBAL I.CC Case I ) CASE 2

I NE R T IA L  N A VI -  F-16 , A- 1O A , $310 N $560 H $250 U 45~E

GAllON SYSTEM A-lOB . TOT

INERT IAL NAVI — F—18 .A-.1OA ,A— 1OB , $402 H $718 N $316 U 44%
GAllON SYSTEM VOl . MIST ATCA ,

XC- 135

NAVIGATION COW- V— 16 ,A— 1OA .A-100 , $160 N $280 N $120 H 43~
PUTER POT

N A VI G A T I O N  F-16 . A — 1O A , A -l O B .  $210  N $35 7  N $1 47  H 4i~~~
CX)IIPUTER Vol ,AMST ,ATCA . -

KC- 135

OMEGA AMST ,ATCA .JCC-13~ $ 14 N $ 20 N $ 6 N 30%

DOPPLER R.’iDAR B-52 ,D-1 ,IEC-135 $ 28 H $ 42 N $ 14 U 333-

To illustrate the areas in which standardization re-

duces life—cycle costs, the G—LCCs for the extended INS

standardization concept are broken down into constituent

elements in Table 6.4-2, It is seen that a substantial por-

tion (45%) of the G—LCC benefits are attributable to savings

in recurring maintenance costs for the system . This is a

result of reliability improvement that is assumed to occur

with maturity of the standard system (it does not reflect

improved maintenance persopnel efficiency which will ~1so

probably occur). Recurring maintenance cost savings were

found to be higher for inertial equipments than for other

types of avionics . This is probably due to the high main-

tenance costs generally associated with these items (Ref. 49).
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TABLE 6 .4 -2
BREAKDOWN OF GLOBAL LCC BENEFITS

FOR INS STANDARDIZATION
T- 1335

ASSUMPTIONS

• GWBAL LIFE-CYCLE COSTS CONSIDERED OVER F-IG .
A-lOP., A— 1OB FO I , AM ST , ATCA . KC-135

• CASE 1: STI) INS USEI) IN EACH I~ROGRAM

• CASE 2: NEW INS DEVELOPED FOR EACH PROGRAM

• COST CHARACTERISTICS OF EACH NEW INS ANI) STD
INS ARE INITIALLY ID~-NTICAL

CASE 1 CASE 2
LCC I- lF ~ LNT STANDARD INS NON-STANDARD INS

ONE-TIME CO~iS $ 13 M $ 91 M

HARI)WARIT ACQUISITION $1GO N $210 H

SUPPORT EQU I PMENT 3- 12 N $ 25 N

SPARES $ 4 4  N 
- $ 77 H

RECURRING MAINTENANCE $173 N $315 N

TOTAL $402 N $718 N

tDev~ 1 opnient , Techni cal Data , Ini~~i~~1 Training. Contracter
Support , etc .

Further insight is gained by breaking down global life—

cycle costs by individual aircraft programs as displayed in

Fig. 6.4-1. Since it is assumed that the stLndard INS and non—

standard INS are equivalent systems , the LCCs are identical

for the A—1OA , the initial aircraft program . The life—cycle

costs of the standard INS drop sign ificantly relative to the

nonstandard INS in subsequent aircraft programs . While  the
magnitude of the LCC savings is greatest on the larger air-

craft programs such as the F—l6 , on a normalized basis (e.g.

savings per aircraft) the savings are greater on smaller pro—

grams such as the AMST . This is a t t r ibu table to the fact
that for the nonstandard case one-time costs are amortized

over fewer aircraft and acquisition costs are incurred over

th e i n i t i a l  po r t ion  of the production learning curve . Hence

a preliminary conclusion that can be drawn from studies of this

nature is that smail aircraft prc~~r ams ~hou1d utilize -existing
equipment to the extent possibli- .
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(IN ORDER OF ACT IVAT ION/RETROHT)

Figure 6.4-1. Standard vs Nonstandard INS
LCC by A ircraft Program

The extended INS standardization option example is

carried one step further to illustrate the tradeoff methodology .

When the standard INS is considered for application on ta ~n h o r

and cargo/transport aircraft , it must he compared against the

Delco Carousel—IV commerc ial INS recently s e l e c t e d  by th e  A i r

Force for retrof it of the C—141. This is a mature svs~ t-n , be th

in term s of production cost and reliab ility , as a rt- ~ u1t of

widesp read commercial airline-~. application on t he i~~-ein~c 7- 17

An LCC da ta record for  th is system wa s e~ ia h1ished ha- --~-d on

curren t cost and reliability data. STEP was then a~~ -~i t o

compa re i t s  life—cycle costs -~n ~an ker and ca~-~ - f t  ~~
aircraf t against the standard INS , a~:sumin ~ tha t t~ i- - ~;t-u~~

ard INS was also procured and uti li:~ -d on I~~~L 1 i t~a i  a l r - - - a l t .

The resu l t s  of this comparison are pr~-~ en ttd in Tal-- le C . 4 — 3 .
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TABLE 6 .4 -3
- 

STANDARD I\~S VS COMMERCIAL INS FOR TANKE R AND
CARGO/TRANSPORT AIRCRAFT

fl 2 9 4 0 8

ASSUMPTiONS

• Gl OBAl LTFTT- ( YCLI- COSTS CONSIDERED OVER KC-1 35 . ATCA . AMST

• STANDARD INS AlS O UTILIZED ON F-10 EDT , A—I RA . A - I O R

• COMMERCIAl INS ( CAR O U S E l - T V )  I S  MATURE WITh RESPECT TO
PRODUCTION (‘051’ AN D  RELIA DI!TT)

I - C C  E L E M E N T  S T AN D A R D  INS CONMF.RCItIL INS

ONE-TIM E COSTS $ 0 N $ 0 N

HARDWARE ACQUISITION $44 N $58 N

SUPPORT EDIT I I T F N T  $ G N $ 7 N

SPARES $11 ~I 3- 5 N

RECURRI N( MAINTENANCE $2~ M $11 N

TOTAl $57 N 3-RI N

The stan dard INS is seen to be f avo rab le  f rom the
standpoint of acquisition costs. This is a result of pro-

duction experience which would be gained in tactical air-

craft programs . However the reliability maturity resulting

from tactical applications is not sufficient to “catch—up ”

with the commercial INS , as r e f l ected in the dif f e r ence  in
initial spares and recurring maintenance costs. The dif-

ference in total LCC for the two systems is not judged to

be significant.

6.5 CONCLUSIONS ANT I) RECOMMENDATIONS

The major result of the SPANS study was a demon-

stration of a quant itati ve approach 10 standardization issues.
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It was proven feasible to analyze and compare alternatives

within the three dimensions of avionics standardization -—
equipment , aircraft , and time . The methodology was also

illustrated to have potential application in ongoing aircraft

equipment standardization programs in the following capac-

i t y :

• To identify candidate aircraft program
applications for the standard

• To compare the standard against alterna-
tive equipments for specific aircraft

• To guide development effort and acquisi—
tiori strategy for the standard to maximize
its competitive position .

The applications of the SPANS methodology to date ,

as described herein , have been simplist ~ in nature , directed

more at proving the analysis process than at deriving firm

conclusions. In the dynamic environment of emerging naviga-

tion technologies , aircraft program c~.ncellations , etc., it

is believed that the methodology is more significant than any
preliminary conclusions with respect to specific standardiza—

tion options which could easily be negated in the near futyre.

However , the early results do provide insight into avionics

standardization and its payoffs. For example , one of the

!undan~ental problems associated with standardization , that

of justifying the initial aircraft application of a standard ,

is displayed in a visible manner.

The standardization concept identification process

with a System Analyst in the loop also proved to be erilight-

ening in uncovering significant issues such as:
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